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THE DEPTH PROFILE OF AMBIENT NOISE 1IN

SRS R AT e ity g Y I INE A PN

Y THE DEEP SEA NORTH OF ST. CROIX, VIRGIN ISLANDS
] INTRODUCTION
3
‘i 1. The ambient noise of the sea has been measured and reported for

P A e R T i

many of the world's ocean areas. A relatively abundant literature is
extant, and the noise level to be ewp.cted under given conditions of
wind, shipping and biological activit  is well defined (1). Yet,
nearly all of this work has involved measurements made relatively
near the sea surface, At depths in the body of the sea, the noise
has not been greatly studied, partly because of experimental diffi-
culty and partly because of a lack of practical application to which
the information could be related.
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2. The earliest attempt to determine the variation of noise with
depth was made - as one of many "firsts" ~ by the Hudson Laboratories
of Columbia University, using a slowly-sinking recording package
aptly called the "Diving Duck" (2). Later, the bathyscaphe TRIESTE
was employed for the purpose (3), and, more recently, the depth
variation of noise was reported by Perrone (4) from measurements made
with different bottom-mounted hydrophones at various depths in an
area south of Bermuda.
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3. Within the last few years an awakening of interest in this
hithertn neglected subject has been brought about by the possibility
of using deep propagation paths in long-range passive sonars.
Recently, a number of novel instrumental approaches have been taken,
and the results are beginning to appear in the licerature.
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4, However, the data obtained in these recent and current field
studies is discordant, and no clear picture of the effect of depth
on the noise background has been obtained. One reason for this lack
of agreement is the difficulty of sampling a variable noise cnviron-
ment. For if the noise samples at different depths are not obtained
simultaneously, many samples are required to smooth out the constantly
R occurring variations of the background. Ancther problem is how to
¥ 3 avoid, or allow for, changes in hydrophone calibration with depth and
_2 temperature. In short, the average depth profile of the noise back-
3 ground of the deep sea is difficult to determine, and requires special
H ) experimental measurement techniques.
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5. We have avoided the difficulties just mentioned by a method which
permits taking data simultaneously at different depths, along with

an on-the-spot calibration of the various hydrophones by means of a
standard sound source located near the surface. The results show a
distinct depth variation of the ambient background at the active,
dynamic location where the observations were made.

MEASUREMENT METHOD

6. A string of five hydrophones at depths of 100, 2100, 4100, 6100
and 8100 ft was used for recording the noise background at regular
intervals over a period of several days. Fig. 1 shows the hydrophone
string called MARLIN (Multiple Array Line) suspended Irom an anchored
instrumentation barge maintained and operated for the Naval Air
Systems Command by TRACOR/MAS, Inc. The barge was located just north
of the island of St. Croix, V.I., at the location of the cross in

Fig. 2 on the side of a basin some 10 miles wide and 60 miles long.
This area is one of frequent commercial ship traffic traveling between
the Panama Canal and European ports. It is also popular with sports
fishermen operating out of the near-by islands. Sources of ship

noise are numerous and are relatively close-by the measurement site,
and therefore may be expected to be highly variable in their contri-
butions to the noise enviromment. Although a total length of 12,000 ft
of cable was available, it could not all be deployed because of the
limited water depth and an electrical fault discovered in the upper
portion of the cable.

7. A frequeuncy-modulated multiplexing-demultiplexing system was
employed to transmit the output of the five hydrophones up the common
coaxial cable. Each hydrophone modulated its own carrier frequency
between 120 and 480 kHz; demodulation took place just before

analog recording on a Precision Instrument 7-channel FM magnetic tape
recorder. Noise samples 1 1/2 minutes long were recorded at hourly
intervals during twe 2 1/2 day periods separated by an interval of a
few days (for battery charging) during March, 1972. A total of 114
hourly samples were recorded.

8. Calibration was accomplished by tranmsmitting to the hydrophones
the CW cutput of a standard Navy J-9 sound source placed at a depth
of 50 ft. The response of tnis projector was checked at the NOL
Brighton Dam calibration facility. Tones of known intensity were
tape~-recorded over each hydrophone channel and were used to convert
the recorded data to acoustic levels.

9. Wind speeds during the data-taking period ranged from 0 to 17
knots. A sound velocity profile was not obtained. However, a histori-
cal sound velocity profile for the same month of the year at a locarion
a few miles away 1s given in Fig. 3; a 900-ft bathythermogram taken
during the data period showed a 400 foot layer above a thermocline.
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10. Analysis of the field tapes was made with a General Radio Model
1921 Real Time Analyzer yielding one-third octave band levels. Four
one-third octave bands (50, 160, 500, 3150 Hz) were selected for

g
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% playback of the hourly recordings. The over-all analysis band extend-
f . ed from 12 to 8,000 Hz; the upper frequency limit was imposed bv the
E tape speed (30 ips) used in recording.
: b
¢ ) T2IRD-OCTAVE SPECTRA %
) 3
: | 11. Fig. 4 shows three analyses, over the above frequency range, of 3
E 4 individual noise samples taken under different conditions of wind §
3 and shipping. The upper group of spectra (Fig. 4a), one for each b
9 of the five hydrophones depths, was obvained for a single 4-second 1
1 noise sample recorded during an exceptionally quiet period of rearly §
b caim wind and inaudible ship noise. Two additional curves are ;
4 superimposed on the measured spectra: The solid curve shows the é
E | Knudsen-Wenz spectrum (5) for conditions of light shipping and A ;
& 4 to 6 knot wind: the dashed curve is the system electronic aoice b
i level recorded when one of the hydrophones was replaced by an ecqui~ g
:: valent capacitor. The other two groups of spectra (Figs. 4b, é&c) §
8 were obtained on samples taken under other combinations of shivp :
A traffic and wind speed. ¥
g | 12. We observe from these spectra that, except for the 100 ft :
.2 hydrophone depth, the measured levels agree well with the Knudsen- ¢
b & Wenz levels for the same noise conditions. Alsc, the measured levels g
‘ are well above system noise, except for the 8100 foot hydrophone at 5
high and low frequencies nder quiet conditions. The noise level H
apparently falls off with depth at all frequencies; the deepest {
(8100 ft) hydrophone is appreciably quieter than the shallowest §
(100 ft). :

STATISTICAL DATA

13. Fig. 5 gives the cumulative distribution of the levels of the
114 hourly samples in the four one-third octave bands centered at

50, 160, 500, and 3150 Hz. These plots show the spread of the 1 1/2-
minute average levels at each hydrophone. The standard deviation (0O)
of the samples, based on straight lines drawn by eye through the points, :
ranges from 3.8 to 7.6 db, with an average J of 6.0 db. A similar ;
statistical spread was found by Wenz (6) in the levels of Pacific

Ocean ambient noise nver a twc-year period.

[P Rt

l4, The levels at the 50%Z voints on these figures are the median
noise levels equalled or exceeded by half of the noise samples. For
three hydrophones depths, thes: median levels are compared with the
Knudser-Wenz curves in Fig. 6. +Ye observe that, again with the
exception of the 100 foot deonth, the measured median levels agree with
the curves for the conditicns of moderate~to-hecvy shipping and a
9-knnt wind. The median wind speed duriag the twe 2 1/2 day data

per ods was 7 knots.
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DEPTH PROFILES

15. 1he measured median levels are plotted against depth iun Fig. 7.
These noise profiles show a rapid decrease of noise with depth from
100 to 2100 ft, followed by a slower decrease down to 6100 ft and a
suggestion of a reversal below. The noise profile is roughly the same
for all four frequency bands. This result is contradictory to the
findings of Perrone (4) in an area south of Bermuda, where the noise
at four hvdrophones located ou the bottom in different water depths
down to 2500 fathoms was found to decrease witi depth at high
frequencies and to increase with depth at low frequencies. However,
in the pres.nt data the similarity of the depth profile at all
freauencies is both reasonable and expectable, siance the noise sources
at both high and low frequencies, whether due to shipping or the wind,
are numerous and are located near the sea surface.

LEVELS AT THE 100-FT DEPTh

16. The profiles show levels at 100 feet to be some 5 to 10 dbh
higher than those at greater depths. These high levels at 100 ft will
at once be suspected to be the result of proximity to the measurement
barge, where a generator was running to provide 60 cycle a.c. power
and where wave slap and human activity aboard the barge might be
sus; . 'ted to overwhelm the ambient sea background only 100 ft away.
In: :od, narrow-band souvnd spectrograms of the noise picked up by the
1~ .oot hydrophones did show the presence of line components at

+J, 90, and 120 Hz originating in the barge power supply.

17. However, various pieces of evidence indicate that the recorded
noisc at this depth is in large part wvalid ambient sca noise in
nearly all third-octave bands. First, the levels of the power supply
line components just mentioned were not high enough to affect the
third-octave band levels, except under very quiet noise conditions.
Second, the levels are high in all bands, from the lowest to the
highest; a barge-proximity effect would be expected to occur princi-
pally at low~frequencies. Third, distant shipping (faint screw beats)
could be heard much better on the 100-foot hydrophone than on the
deeper hydrophones. Fourth, a computed noise~depth profil- (Fig. 16)
shows a strong near~surface decrease of noise. Finally, Ligher noicse
levels at a shallow depth were obserwvcd 6 months earlier at the saie
location with another exverimental avrangement: two hydrophones at
depths of 55 and 305 ft floated 2000 ft away from the barge (7).
Typical one~third octave spectra under these conditions are shown

in Fig, 8. A differvence of 5 db or more between the two depths
appears to exist at ‘requencies above about 800 lYz. This frequency
is about equal to the lowest frequency trapped in the mixed-layer
duct 120 ft thick that existed during the earlier data period; the
corresponding frequency for the 400-ft duct existing for the present
MARLIN data is 120 Hu.

18. From all of these bits ot navidence it appears likely tnat, for

frequencies above 100 Hz at least, the high noise levels at 100 ft

are those of the natural ambient background at the measurement site,
4
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One joscible cause of high noise levels at shallow depths is pro-
pagation in the surface duct of the noise from distan: sources. Still
and all, no such strong layer effect appears to have been reported
in the past. Indeed, it is contrary to the notion that at frequencies
. above a few hundred cycles, the background of surface noise originates
in the vicinity of the receiving hydrophone, rather than at ranges
great enough for ducting to be effective. TFurther investigation is
required.

SHIP SPOTTING

19. A Navy aircraft, together with radar services of the Atlantic
Fleet Weapons Range, enabled ship spotting to be done on two consecu-
tive days. During the exercise, the locations of major ships in an
area around the measuremenc site, together with the type, speed, and
course of eac. ship, was determined. The results of this exercise are
shown in Fig. 9. Fig. 10 shows the one-third octave spectra of noise
samples recorded at the times the shipping was identified. It will

be noted that higher noise levels at low frequencies occurced on the
second day {open circles) than on the first (closed circles), in keep-
i.g with the larger number of ships observed on the cecond day.

2l
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20, It has already been noted that the 1 1/2 wminute noise samples
are variable in level from hour-to-hour, and have a fluctuation
expressed by a standard deviation of about 6 db., Since in Fig. 5
the data points fall on straight lines, the levels in db are roughly
normally distributed.
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21, This variability is demonstrated in Fig. 11, This is a series
of 1 1/2 minute playouts recorded hourly during an overnight period
between 1530 hours local time and 1730 hours the next morning. The
levels at all hydrophones in the one-third octave band at 160 Hz are
seen on close inspection tr change in the same way from hour to hour,
though not by the same amount. It follows that the depth profile

?1 of the noise level must be variable, and so change its shape from

‘34 houc to hour.

.ﬂ%g 22, This variability in the depth profile is illustrated by the

g § consecutive hourly proflles at two frequencies plotted Fig. 12.

A Here we scee that although the general shape of the profile is pre-

51; served fror hour to hour to hour, there are considerable variations in

e &5 . detail; for example, at 3150 Hz, where the noise tends to be dominated

- B by the wind, the difference in level at 0630 hours between the

'Pﬁl 100 ft ard 8100 ft hydrophomnes is 20 db, but is only 6 db an heur

W later. Similar, though smaller, differences occur vegulariy throughout
‘19 the sequence of profiles. In other words, wiile the level variatious
1;; of the hourly samples tend to be correlated betiveen hydrophones, the
ﬁfﬁl correlation is not perfect.

e
*%i; 23. by contrast, short-term, short-period variations do not correlate

at all. This is shown by Fig. 13, where, over a total record length
5
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of 19 seconds, we observe noise transients on individual hydrophones
that do not appear on others. In short, long period changes tend to
occur at all depths in a generally similar way, while short period
changes do not.

d
b

AT Ty

24, At low frequerncies, changes in the location andtype of ship
pattern are doubtless the cause of much of the variability of the
background. This is illustrated by the sound spectrograms of Fig. 14
corresponding to the same series of hourly samples as Fig. 11. Here
we note the variability in the line component structure of the low
freguency noise, both from hour-to-hour at a single hydronhone, and
in the relative strength of the lines from hydrophone to hydrophone
at any one time. Although the changing distribution of shipping
produces changes in the pattevrn of the tonal structure from hour to
hour, any one instant of time interference effects produced by prop-
agation cause differences to appear in the tonal components from
hydrophone to hydrophone.
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25, At thte higher frequencies, changes in wind speced are a cause of

a4 noise variability. This is illustrated by Fig. 14, where the levels of
. the hourly samples are plotted against the wind speed at the tirs the
sample was taken. It is evident that there is an absence of dependence
& on wind speed, along with considerable scatter of the data points,

j at 50 and 160 Hz; on the other hand, there is a strong dependence

k> on wind speed, with little scatter, at 3150 Hz. This behavior with
frequency is caused by the increasing dominance of wind noise with
incre-- ing frequency, and has been repeatedly observed in che past,

in both deep (1), (8), and shallow (9) water.

3 COMPARISON WITH A COMPUTER MODEL

3 26. An ambient noise computer model has been developed by the

' Naval Air Development Center (10). This model assumes an infinite

o uniform distribution of equal noise sources over the sea surface, and
sums up the contributions of sources in different range increments by
the use of a ray trace intensity program based on a given velocity
profile,

g 27. Fig. 16 is a comparison of the computed noise profile, using the
velocity profile at the right, with the median profile observed at
3150 Hz (Fig. 7). There is reasonable agreement between model and
data; the principal features of the noise profile occur simiiarly in
the model and the observations.
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SUIMMARY

Ao,
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s 28. We ray summarize the results of this field study of the noise
by background throughout the water colum at the St. Croix site by the
i following $tatvments:

ii 1. Tt is feasible to observe the arbient noise buackground at
4 a Jdepth by means of hydrophones suspended from an arwored cable pro-
: vided vibration isolation is used between hydrophones and cable.
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2. At St. Croix, the sca becomes quieter with increasing depth
down to about 6000 ft, with a suggestion of a reversal between
6100 and 8100 frt.

N 3. The noise background is variable over hourly intervals.
One-minute noise samples have a standard deviation of about 6 db.

4., Although long-period changes in level tend to occur at all
depths in & similar way, short period changes do not, and remain
uncorrelated between depths 2CQ0 ft apart.

S. The noise near the surface (100 ft) is higher at all
frequencies than at greater depths. This effect appears to be inherent
in the noise background at the measurenent site, but is difficult
to explain.

6. A computer wodel assuring a uniform distribution of ship
sources over an ocean of constant depth gives a depth profile reason-
ably close to that observed.
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FIG. 14 SCUIID SPECTROGRAMS AT HOURLY INTERVALS DURING AN OVERMIGHT PERIOD.
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